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ABSTRACT
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In a paper that was published last year (Whitmore 2019), it was found that cross-bed dips of late
Paleozoic sandstones of the western United States had consistent southerly cross-bed dips. Many of
these sandstones (like the Casper, Coconino, DeChelly, Esplanade, Lyons, Tensleep, Weber and White
Rim) are conventionally considered to be eolian (wind-blown) deposits–the dunes of which typically
have foreset dips at or near the angle of repose (low thirties). However, it was found that average
cross-bed dips of these sandstones are typically in the low twenties. Compaction cannot account for
the low dips as thin sections show no signs of severe compaction, like significantly reduced porosity. It
was concluded that low cross-bed dips were only one of many pieces of data that indicated these
sandstones were water-deposited and not wind-blown.
This project extends the previous work. We are compiling a data set of cross-bedded sandstones from
the literature and from field work that includes formation name, age, location (latitude/longitude),
number of measurements, strike, azimuth, dip angle and cross-bed set thickness. Data are placed into
a spreadsheet so they can be evaluated mathematically with Excel and Oriana (a circular statistics
package). The data from the western United States were plotted on a map for this symposium. It was
found that the pattern of cross-bed dips in the low twenties is a consistent pattern for many of these
sandstones, even for thick cross-bed sets of supposed eolian sandstones, like the Navajo Sandstone of
Utah. This is somewhat of a surprise because most of these sandstones are often described as having
“steep” cross-bed sets, meaning that it is supposed they were deposited near the angle of repose. The
implications are significant, because they are consistent with the hypothesis that all these sandstones
were deposited by Noah’s Flood and not by desert dune processes.

Esplanade Sandstone, AZ

BACKGROUND

Sand avalanches down the foreset slopes of desert sand dunes at the angle of repose, which is 33-34° in dry
sand. In an extensive study of the Coconino Sandstone for the past 20 years, Whitmore noticed that cross-bed
foresets only rarely approach the angle of repose in this sandstone, and in fact are often about 10° less than
the angle of repose, on average.
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Photos: examples of some of the cross-bedded
sandstones in this study.

Coconino Sandstone, AZ

Artwork: Azimuths (direction of transport) of
cross-bedded sandstones found in the western
United States (Whitmore 2019). Note that despite
widespread locations, the azimuths show a
general transport direction to the southwest. This
would not be expected if all these sandstones
were eolian (wind-blown). In modern deserts of
comparable size, wind directions are variable.
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GOAL

Primarily, to determine if other cross-bedded sandstones that are considered to be eolian (wind-blown) have
similar cross-bed dips as the Coconino Sandstone. Secondarily, to make a large catalog of cross-bed dips and
azimuths from sandstones from all over the world that can be added to over time.

METHODS

Cross-bed data was gathered for various sandstones through field work and searching the geological
literature. The data was entered into a spreadsheet and analyzed with Excel and Oriana, software capable of
analyzing angular data. For each formation the mean, median, mode, maximum and minimum values were
found. The data was plotted as box and whisker plots so it could be easily compared with each other. Over
1300 pieces of data were gathered that could be used for this study.
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Cross-bed dip data from the Nebraska Sand hills,
a stabilized modern dune field (Ahlbrandt and
Fryberger 1980). Thees dunes have a similar
cross-bed dip mean (16-24˚) as the sandstones in
this study. The main difference is the high
percentage of dips above 25˚ (31%) compared to
only a few measurements in this range for the
sandstones.
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Some of the data used in this project has been available for many decades in the literature, indeed some of it
was collected by arguably the most important author arguing for ancient eolian sandstones (McKee 1982).
We found the fact that cross-bed dips average about 10 degrees less than the angle of repose very surprising.
Some may argue that cross-bed dips have been compacted from their originally steep angles. But, our thin
section analysis of many of these sandstones shows that these sandstones show little evidence of
compaction (by observing grain-to-grain contacts, grain fracturing and porosity). Thus cross-bed dip has
probably not significantly changed since deposition. The implications are that the most fundamental and
easily observable characteristic of these sandstones (their cross-beds) indicates their depositional
environment must have been something other than by wind. We suggest water deposited these sandstones.
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IMPLICATIONS
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Seven sandstones with usable data were plotted. It was found that only rarely do “eolian” sandstones have
cross-bed dips that approach the angle of repose. When these values do occur, they are often outliers
compared with the rest of the data. It was found “eolian” sandstones have average cross-bed dips in the low
20’s, about 10 degrees less than the angle of repose.
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RESULTS

Box and whisker plots of cross-bed dips from
multiple measurements of seven cross-bedded
sandstones. The measurements come from
multiple outcrops of each sandstone. Note that
the mean, median and mode of cross-bed dips
from each sandstone is about 10° less than the
angle of repose. Measurements near the angle of
repose are often outliers in the data set and only
consisted of a few measurements in each data set.
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Navajo Ss
76
21.8
23
24
36
12

Coconino Ss
410
20.3
21
24
34
3

Castle Valley Ss
56
12.5
13
17
29
1

Cedar Mesa Ss
68
19.1
19
20
33
2

De Chelly Ss
81
21.6
23
24
34
8

Wingate Ss
48
19.0
21
22
30
9

Esplanade Ss
584
19.0
19
18
28
4
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#
10
40
55
64
65
65
42
341

% of total
2.9
11.7
16.1
18.8
19.1
19.1
12.3
100.0

